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Abstract

In this project, we introduce an intelligent system that controls the
traffic lights, to help emergency vehicles such as ambulance, fire engine,
police cars, etc... to reach the place they need in due course and without
any late, so drivers that have emergency case will not spend unnecessary
time waiting for the traffic lights to change, because the system will give
them the priority to have the green light.

ZigBee technology will be wused as wireless communication, a
transmitter on the emergency vehicle side and a receiver on the traffic light
side.

If there is an emergency case, the system will be triggered and XBee
receivers will be ready to receive signal from emergency car transmitter.

Then signal will be sent to the central XBee receiver which will
pass it to the traffic light's microcontroller that will change the normal
behavior of the traffic lights by setting the desired one as green and the
others as red.
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1.1 Overview

In this chapter, we will provide general literature information that is important to address
our project. This includes an explanation of the main idea, motivations, and the project
objectives. After that we will give a look at some related works.

1.2 Project Motivations:

Souls of our lovers are the most important thing of our life, nothing can compensate their
absence, also regret will never change anything and it will be too late if we didn't do something
for them.

So we thought to find a solution of the traffic jams on the traffic light; because it is not
acceptable to the emergency vehicles, by allowing the emergency vehicle to reach the place it

need in due course without problems in heavy traffic.

1.3 Main idea:

We intend to build a system that allows the emergency vehicle to communicate with the
traffic light using ZigBee technology then open the road in front of it by controlling the traffic
lights using PIC microcontroller.

1.4 Objectives:

We aspire in our project to achieve several objectives:

1. We would like to create a safety traffic environment.

2. Control the traffic light system in a way that serve our needs

3. Create a traffic environment that appreciate special cases and help them to reach the
place they need in due course.




1.5 Idea and approach:

The project idea is standing on finding a way that allows emergency vehicles to
communicate with the traffic light in order to open the road in fort of them without any
hindrance or late , and this idea is going to work as what we are going to show :

We are going to provide the system a technique that consists of a transmitter on the
emergency vehicle and a receiver on the traffic light, we have many choices about what is this
kind of technique that we will use? It could be a ZigBee or Wi-Fi or IR, and whatever was the
technique we are going to use, the communication mechanism will be done in this way: if there
is an emergency vehicle with an emergency case the driver will run the transmitter device, and

the receiver device on the traffic light will receive signal so this traffic will set as green, and the
others will set as red.

But there are many things should be considered like the distance between the emergency
car and the traffic light; if the distance is large we will need more nodes in the road, and we
should know the time delay that the traffic light needs to set green from red, and finally a
microcontroller is used to connect the traffic lights together and control them. We may use
assembly language or C language to program the microcontroller.

1.6 Block Diagram:

Here is the main block diagram of the project as shown in figure 1.1.It includes all
components we are going to use in this project. The emergency vehicle is communicating with
the traffic light through ZigBee network, and the PIC microcontroller controls the system.

&.

A RN
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Em car | Microcontroller |  Traffic light

Figure 1.1: Main Block Diagram
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1.7 Requirements:

1.7.1 Hardware:
1. ZigBee devices.

2. Microcontrollers.
3. Traffic light.

1.7.2 Software:

Programming software by using Micro C to program the microcontroller which
responsible for many tasks.

1.8 Challenges:

We expect to face many challenges in this project. We can summarize them below:
Availability of electronic chips.

Dealing with a new technology (ZigBee).
Knowing the direction that the vehicle will come from.

Getting accurate measurements of power.

How to program microcontroller to achieve the goals on hardware.

SUSCS h

1.9 Related works:

1.9.1 Innovative congestion control system for ambulance using ZigBee [1]

This project is designed to clear the traffic and provide a way to the ambulance so that the
patient can be saved out of danger, and will reach the hospital safely and as quickly as possible.

To implement this application the project uses ZigBee technology, and here we will see how
the system works: '

= The ambulance will be attached with the ZigBee transmitter and the ZigBee receiver will
be attached at the traffic signals.

=  This transmitter transmits a unique code continuously into air.

* When the ambulance is near to the traffic signals, the unique code will be transmitted by
the transmitter from the ambulance, will be received by the ZigBee receiver at the traffic
signals.

) I
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The system uses a compact circuitry built around Flash version of AT89S52 microcontroller
with a non-volatile memory capable of retaining the password data for over ten years. Programs
are developed in embedded C. ISP is used to dump the code into the microcontroller.

1.9.2 Traffic controlling system for ambulance [2]

This project is designed to clear the road for the ambulance before it has reached the
traffic signal spot, the ambulance/fire engine mobility at any place is unpredictable, and at the
same time the traffic signal at the crowded palace is also the important one. So this project has
designed in order to meet up the above condition without any loss.

The components used in this project are PIC microcontroller, RF transmitter and receiver and
traffic signal lamps.

The operation of this project is the direction of the movement of the ambulance is given
from the keypad to the microcontroller from which the signal is given to the low power
transmitter which transmits the signal to the receiver present in the predestine stamp.

Then the received signal is given to the microcontroller which gives the signal to the
relay, as soon as the relay receives the signal it will change the signal in order to give way to the
arriving ambulance at the same time the remaining pathway will gets blocked.

After that the normal condition will be achieved for the passers.

1.9.3 Intelligent traffic light control for ambulance [3]

The idea behind this project is that drivers will not spend unnecessary time waiting for
the traffic lights to change. The system developed is able to sense the presence or absence of
vehicles within certain range by setting the appropriate duration for the traffic signals to react

accordingly. The system can help to solve the problem of traffic congestion.

The main aim in designing and developing of the Intelligent Traffic Signal system it
consists of a computer that controls the selection and timing of traffic movements in accordance

to the varying demands of traffic signal as registered to the controller unit by sensors (IR).

The second part is the signal visualization or in simple words is signal face. Signal faces
comprise of solid red, yellow, and green lights. The third part is the detector or sensor. The

sensor or detector is a device to indicate the presence of vehicles.
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RF BASED Ambulance alert system which civilian drivers elect to stay off the road in

which the 3 signals automatically falls red and green to ambulance by sending signal from

ambulance to traffic light sensor system.

We have many differences between the previous projects and our project, we will

mention them as the following:

We see in [1] and [4] Systems used old ATS9C5] microcontroller that has very
less internal memory and no in-built ADC, and [4] system used CAN BUS controller
which leads to complicated design and cost of the system more because of CAN BUS
controller. Also power requirement will be more in systems that used AT89CS51
microcontroller, but in our project we will use low consuming power microcontroller.

But [2] and [3] systems used RF transmitter and receiver, while in our project
we will use ZigBee technology, this technology has many features which will be
discussed later. And in [3] IR sensors are used to detect the presence of the emergency
car, while in our project we don’t need that; because we depend on ZigBee signal
power measurements.

And project “Intelligent Cross Road Traffic Management System” [5] provide
integrated intelligent traffic light system using photoelectric sensors distributed on long
range before and after traffic light on roads. The system has the ability to open a
complete path for such emergency cases until reaching the target but this system does
not operate well when more than one emergence Vehicle come on the signal from two
sides. But this problem is solved in our project.

1.10 Project Plan:

The project contains the following stages:

Stage 1: Preparing the project
The idea of the project is selected. Then the required information will be collected. Discussion
with supervisor, and dividing tasks between the members of the group.

Stage 2: Analysis overview
Here, a deep and complete study for all options of the project will be made.

Stage 3: Study of the principles




In this stage, we study the behavior of traffic lights, ZigBee, microcontroller, sensors and any
other technologies or information needed.

Stage 4: Documentation and writing
Writing and preparing the documentation of the project was start from the first stage, and will
continue till the end of the project.

Stage 5: Microcontroller programming
Writing the code of the normal behavior of the traffic light, and then downloading to
microcontroller.

Stage 6: software implementation
The programming of Xbee isstarted, writing the project codes and then downloading to
microcontroller.

Stage 7: hardware implementation
Here we build the project circuits and making some testing .

Stage 8: system measurement

Here many experiments were taken the values of received signal strength in Xbee to develop
system with accurate results and avoid false alarms.

Stage 9: system testing
Here the system will be tested to conclude the system performance.

Phase 10: Writing documentation
The documentation will continue from the first phase till the end in parallel

Table 1.1:Summary of the Project Plan

eek 1 2 3 4 5 6 7 8 9 B0l 12 (13 |14

task

Stagel

Stage2

Stage3

Stage4

Stage5
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task
Stage6

Stage7

S B AT | ’

Stage9

Stagel0

e

1.11 Estimated cost and budget:

The whole estimated cost will be approximately 340 JD, and the table below shows the cost of
each hardware component.

Table 1.2: Estimated cost and budget

1-Xbee PRO 63Mw 50X5JD
2-PIC18f4550 10X1 JD
3-PIC18£5025 15X4 JD
Total 340JD

1.12 Report contents:

This project is mainly divided into six chapters, each of them describes specific part of the

project as following:
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Chapter One: includes the introduction, provides a general overview about the project, its
objectives, importance, related works, challenges, time planning, estimated cost and at the end

the report contents.

Chapter Two: discusses the theoretical background. It starts with general information about the
project, wireless communication, ZigBee, sensor and then discusses the important aspects of the

system including PIC microcontroller, sensors.

Chapter Three: presents the general system design concepts. It includes system objectives,
general system block diagram, description of system design ' components and operation'.

Chapter Four:

discusses a detailed description about subsystem and overall hardware and software system
design, with showing components pins and feat, and software requirements to perform the
required function of the robot.

Chapter Five: It contains the result of Xbee power, testing to the whole system, and

performance.

Chapter Six: This chapter will consider system achievement, real outcome, conclusion, and
recommendation for developing the system in future.




Chapter Two

Theoretical Background

2.1 Wireless communications
2.2 ZigBee Theory
2.3 Micro-controller

2.4 Traffic light

2.5 Sensors




2.1 Wireless communications:

2.1.1 Introduction:

Wireless communications is a rapidly growing segment of the communications industry,
with the potential to provide high-speed high-quality information exchange between portable
devices located anywhere in the world. Potential applications enabled by this technology include
multimedia Internet-enabled cell phones, smart homes and appliances, automated highway
systems, video teleconferencing and distance learning, and autonomous sensor networks, to
name just a few. However, supporting these applications using wireless techniques poses a
significant technical challenge.

And in the time the wireless system has many advantages it also has disadvantages and
here are some of them:

Advantages:

Rapid installations

Easy maintenance

Avoided ground potential rise problems

Low cost

Mobility

Safety due to remote operations

Warmth of a van outside a freezing substation
More data and additional capabilities

Low costs — 7 times less in TVA’s example

Disadvantages:

Eavesdropping on data

Unauthorized control commands

Unreliable, disrupted communications in the noisy
Substation environment

Hackers, viruses, and worms

2.1.2 Types of Wireless Systems:
» Older wireless systems:
= Microwave systems
= Multiple address radio systems
= Satellite, particularly VSAT
= Spread spectrum radio, 928 MHz point-to-point

> New wireless systems:
» Wi-Fi - IEEE 802.11:




Wi-Fi is the name given by the Wi-Fi Alliance to the IEEE 802.11 suite of standards. 802.11
defined the initial standard for wireless local area networks (WLANS), but it was considered too
slow for some applications and so was superseded by the extensions 802.11a and 802.1 1b, and
later by 802.11g (with the release of 802.11n still pending).

The benefits of a Wi-Fi network: Extended Access; the absence of wires and cables extends

access to places where wires and cables cannot go or where it is too expensive, Cost Reduction,
Mobility.

= Bluetooth™ — [EEE 802.15.1:

The IEEE 802.15.1 standard is the basis for the Bluetooth wireless communication
technology. Bluetooth is a low tier, ad hoc, terrestrial, wireless standard for short range
communication. It is designed for small and low cost devices with low power consumption. [6]

= ZigBee - IEEE 802.15.4:

ZigBee is a low tier, ad hoc, terrestrial, wireless standard in some ways similar to
Bluetooth.

The IEEE 802.15.4 standard is commonly known as ZigBee, but ZigBee has some
features in addition to those of 802.15.4. It operates in the 868 MHz, 915 MHz and 2.4 GHz
ISM bands. [7]

= WiMax — IEEE 802.16.

2.2 ZigBee Theory:

2.2.1 Introduction:

The past several years have shown a rapid development of wireless networking,
However, up to now wireless networking has been mainly focused on high speed
communications, and long range applications, such as the IEEE 802.11 Wireless Local Area
Network (WLAN) standards. And there are many wireless monitoring and control applications in
industrial and home environments, which require longer battery life, lower data rate and less
complexity than the existing standards. So, the ZigBee Alliance and the IEEE decided to join
forces, and ZigBee is the commercial name for this new technology

“ZigBee is a specification for a suite of high level communication protocols using small,
low-power digital radios based on an IEEE 802 standard for personal area networks.
Applications include wireless light switches, electrical meters with in-home-displays, and other
consumer and industrial equipment that require short-range wireless transfer of data at relatively
low rates. The technology defined by the ZigBee specification is intended to be simpler and less




expensive than other WPANS, such as Bluetooth, ZigBee is targeted at radio-frequency (RF)
applications that require a low data rate, long battery life, and secure networking.” — Wikipedia

2.2.2 Name of ZigBee:

The name ZigBee is said to come from the domestic honeybee which uses a zigzag type
of dance to communicate important information to other hive members. This communication
dance (the ZigBee principle) is what engineers are trying to emulate with this protocol-a bunch
of separate and simple organism that join together to tackle complex tasks.

2.2.3 Types of ZigBee devices:
1. Coordinator: coordinator organizes the network and maintains routing tables. Each

network must be formed by a coordinator and never have more than one coordinator in
the network regardless of the network topology.

2. Router: router can talk to the coordinator and to other routers. It reduces function end
devices. It can join existing networks, send information, receive information, and route
information. A network may have multiple router radios.

3. End devices: can join networks and send and receive information. They can talk to
routers and the coordinator, but not to each other. End devices always need a router or the
coordinator to be their parent device. ZigBee networks may have any number of end
devices.

2.2.4 ZigBee networking:

ZigBee can use mesh networking, which may extend over a large area and contain
thousands of nodes. Each FFD in the network also acts as a router to direct messages .the routing
protocol optimizes the shortest and most reliable path through the network and can dynamically
change, so as to take evolving conditions into account. This enables an extremely reliable
network, since the network can heal itself if one node is disabled. ZigBee networks are primarily
intended for low duty cycle sensor networks. anew network node may be recognized and
associated in about 30 ms. Waking up a sleeping node takes about 15 ms , as does accessing a
channel or transmitting data. ZigBee applications benefit from the ability to quickly attach
information,detach, and go to deep sleep, which results in low power consumption and extended

battery life.
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Figure 2.1: ZigBee network devices

2.2.5 ZigBee Channels and F requencies

The RF spectrums and available channels for ZigBee (802.15.4) and Wi-Fi (802.1 1b/g)
overlap. You can avoid interference by selecting ZigBee channels that use the free space
between two neighboring 802.11 channels, plus channels 25 and 26.[8]

2.2.5.1 ZigBee, Wi-Fi & Bluetooth Channels

In figure below, 802.15.4 Orange channels have more substantial overlap with Wi-Fi
channels 1, 6 & 11, while Grey channels have less overlap with Wi-Fi channels 1, 6 & 11.




ZigBee
(802.15.4™)
CSMA-CA , .

M 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
802.154™ Channel* 2405 2410 2415 2420 2425 2430 2435 2440 2445 2450 2455 2460 2465 2470 2475 2480
Center Freq (MHz)

Wi-Fi (802.11b/g) m m m
DSSS _

n

802.11b/g 1 6

Channel** Center 2412 2437 2462

Freq (MHz) :

Bluetooth e et Bt

(802.15.1) FHSS — - \

2400
Freq Range (MHz)
Figure 2.2:ZigBee, Wi-Fi & Bluetooth Channels

Channels 1, 6 & 11 are recommended for use in the USA. Only 2.4 GHz channels are shown
above. Different countries have different 802.11 b/ g channels.

2.2.6 Why we chose ZigBee:
In our view ZigBee is the most appropriate wireless communication technologies for our
project. There are many reasons why that is so, some of them are:

High Reliability: ZigBee is based on a solid global standard ‘IEEE 802.15.4 standard’
and it uses modulation technologies like DSSS and CSMA/CA which are among the best
in the respective domains. So our project tends to be more reliable and easy to
demonstrate anywhere.

Easy to Use: Most ZigBee modules can directly be interfaced to microcontrollers,
processors and even computers. And they available with a direct UART communication
interface; this makes communication even easier...

Easy Auvailability: These days many ZigBee modules are available easily and made by
various manufacturers so it is easily accessible and it’s not worthless to us to use it
Infinite Possibilities: ZigBee is the most flexible communication technology and it can be
used for any type of wireless communication like simple point to point communication,
Star network, Mesh Network, Tree Networks because ZigBee protocol has flexible

architecture.

And ZigBee has good data rate and low cost...

2.2.7 Comparing ZigBee System Ranges [9]
The range of the RF system is defined as the maximum distance between the signal source or

transmitter and the receiver. Range depends on three factors:
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1. Effective transmit power

2. Propagation path loss

3. Minimum sensitivity of the receiver defined SNR that is necessary to ensure the target error
rate. The SNR is a function of the energy per bit to the noise density ratio (Eb/No), the data rate
(R), and the receive bandwidth (B):

SNR = (Eb/No) x(R/B)

The effective transmit power is the power transmitted by the source in the direction of the
receiver. Effective transmit power is derived from adding the transmit antenna gain (Gt) to the
total transmit power (Pt). Similarly, receiver antenna gain (Gr) and receiver power (Pr) can be
derived from the following equation:

Pi=Pt+ Grt G-I

Where: Pr = Receiver power in dBm
Pt = Transmitter power in dBm

Gr = Receiver antenna gain in dB
Gt = Transmitter antenna gain in dB
L = Attenuation at 2450 MHz in dB

Assuming the antenna gain for both transmitter and receiver is0 dB,for free-space propagation
condition receives power is given by:

Pr= Pt- (10nlog d +50.3); n: path loss exponent.

2.2.8 OSI Model:
It is a product of the Open Systems Interconnection effort at the International. It is a

prescription of characterizing and standardizing the functions of a communications system in
terms of abstraction layers. Similar communication functions are grouped into logical layers. A
layer serves the layer above it and is served by the layer below it.

The OSI divides telecommunication into seven layers; the layers are in two groups. The
upper four layers are used whenever a message passes from or to a user. But, the lower three

layers are used when any message passes through the host computer.

%

22




=
-
-
-
-
=
-

ZigBee Stack

(c)hasse ml

Figure 2.3:08I versus ZigBee

2.2.9 Repeaters:
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A repeater is an electronic device that receives a signal and retransmits it at 2 higher level
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or higher power, or onto the other side of an obstr uction, so that the signal can cover |

distances.

Repeaters advantages:

: Easy to expand a network over a large distance.
= Connection between various types of media [e.g. fiber optic, UTF, coaxial cable] is

possible.

Repeaters disadvantages:

- -~ 14 o | aa sectinnm
- Traffic cannot be filtered to ease congestion
- A repeater cannot work across multiple network architectures
And here in our project we are going to use the repeater as unicast communication {point —to-

e
point) connection, which is between 2 single sender and 2 single receiver
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Figure 2.3:08I versus ZigBee

2.2.9 Repeaters:
A repeater is an electronic device that receives a signal and retransmits it at a higher level
or higher power, or onto the other side of an obstruction, so that the signal can cover longer

distances.

Repeaters advantages:

. Easy to expand a network over a large distance.
u Connection between various types of media [e.g. fiber optic, UTF, coaxial cable] is
possible.

Repeaters disadvantages:

. Traffic cannot be filtered to ease congestion.

. A repeater cannot work across multiple network architectures.
And here in our project we are going to use the repeater as unicast communication (point —to-

point) connection, which is between a single sender and a single receiver.




2.3 Micro-controllers:

2.3.1 Introduction:

A micro-controller is a very powerful device, which is capable of executing a series of pre-
programmed tasks and interacting with other hardware devices.

A single microcontroller can be sufficient to control a small mobile robot, an automatic
washer machine or a security system. Any microcontroller contains a memory to store the
program to be executed, and a number of input/output lines that can be used to interact with
other devices, like reading the state of a sensor or controlling a motor. Nowadays,
microcontrollers are so cheap and easily available.

The prime use of a microcontroller is to control the operation of a machine using a fixed
program that is stored in ROM and that does not change over the lifetime of the system. The
microcontroller design uses a much more limited set of instructions that are used to move code
and data from internal memory to the ALU.

Many instructions are coupled with pins on the IC package. The pins are programmable
independently, that is capable of having several different functions depending on the program.
The microcontroller is concerned with getting data from and to its own pins; architecture and
instruction set are optimized to handle data in bit, byte and word size.

Every application demands a microcontroller, today there is no such electronic instrument or
robot that functions without microcontroller. Generally for any application, often designers chose
the 8 — bit controller, because they are most popular microcontrollers in use today, another
important aspect is cost effective.

Programming PIC microcontrollers is a simple three steps process, write the code, compile

the code, and upload the code into a microcontroller. Writing the code can be developed in many

Integrated Development Environments (IDE’s) for example, MPLAP IDE, which is software,
developed for the Microchip appliances like the PIC microcontrollers.

Compiling the code can be done by the compiler of the MPLAP IDE. There are different
compilers associated to work with PIC chips, C compiler, or assembler for assembly language
codes, and many more. The decision of which compiler to use, is a developer choice, depending
on the application which the PIC is a part of. The final step of programming the PIC chip is
uploading the code into the microcontroller. This can be done also in MPLAP IDE or in different
programs that are connected to the PIC kit (figure 2.4). The uploading process can be done
through a USB cable or other connecting technique depending on the kit that contains the PIC

chip.
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Figure (2.4) PICDEM™ FS-USB Evaluation Kit for PIC18F4550

In this project the PIC18F4550 is used. This is due to its availability, cheap cost, easy
programming (75 Instructions single-word instruction. The PIC18F4550 has all what is needed for
the implementation of this project, enough I/O Ports, A\D, and USART.

2.3.2 Description of PIC18 Microcontrollers:

The PIC18F4550/2455/2550/4455 family offers the advantages of all PIC18
microcontrollers — namely, high computational performance at an economical price — with the
addition of high-endurance, Enhanced Flash program memory.

On top of these features, this family introduces design enhancements that make these
microcontrollers a logical choice for many high-performance, power sensitive applications.

Devices in the PIC118F4550/2455/2550/4455 family are available in 40/44-pin packages.
All of the devices in the PIC118F4550/2455/2550/4455 family incorporate a range of features
that can significantly reduce power consumption during operation (Nano Watt TECHN OLOGY).
Key items include:

* Alternate Run Modes: By clocking the controller from the Timerl source or the internal
oscillator block, power consumption during code execution can be reduced by as much as 90%.

* Multiple Idle Modes: The controller can also run with its CPU core disabled but the peripherals
still active. In these states, power consumption can be reduced even further, to as little as 4%, of

normal operation requirements.

* On-the-Fly Mode Switching: The power managed modes are invoked by user code during
operation, allowing the user to incorporate power-saving ideas into their application’s software

design.

* Low Consumption in Key Modules: The power requirements for both Timerl and the
Watchdog Timer are minimized.
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2.3.3 Special Features:

* Memory Endurance: The Enhanced Flash cells for both program memory and data EEPROM
are rated to last for many thousands of erase/write cycles — up to 100,000 for program memory
and 1,000,000 for EEPROM. Data retention without refresh is conservatively estimated to be
greater than 40 years.

* Self-Programmability: These devices can write to their own program memory spaces under
internal software control. By using a boot loader routine located in the protected Boot Block at
the top of program memory, it becomes possible to create an application that can update itself in
the field.

*10-Bit A/D Converter: This module incorporates programmable acquisition time, allowing for a
channel to be selected and a conversion to be initiated without waiting for a sampling period and
thus, reducing code overhead.

* Extended Watchdog Timer (WDT): This enhanced version incorporates a 16-bit prescale,
allowing an extended time-out range that is stable across operating voltage and temperature

2.4 Traffic lights:

2.4.1 Overview:

Traffic lights or what can be called stoplights, traffic lamps, traffic signals, signal
lights, robots [10] was first installed in London in 1886 by the railway engineer J. P. Knight ,
They resembled railway signals of the time, with semaphore arms and red and green gas lamps

for night use.

The modern electric traffic light was by police officer William L.Potts of Detroit,
Michigan, decided to do something about the problem caused by the ever increasing number of
automobiles on the street. what had in mind was figuring out away to adapt railroad signals for
street use. Potts used red, amber, and green railroad and about thirty —seven dollars worth of wire
and electrical controls to make the words first 4-way three color traffic light. it was installed in
1920 on the corner of Woodward and Michigan Avenues [11].

A traffic signal, controls vehicle traffic passing through the intersection of two or more
roadways by giving a visual indication to drivers when to proceed, when to slow, and when to
stop. In some cases, traffic signals also indicate to drivers when they may make a turn. These
signals may be operated manually or by a simple timer which allows traffic to flow on one
roadway for a fixed period of time, and then on the other road-way for another fixed period of
time before repeating the cycle. Other signals may be operated by sophisticated electronic
controllers that sense the time of day and flow of traffic to continually adjust the sequence of
operation of the signals. Traffic engineers use signals to avoid traffic congestion and improve




safety for both motorists and pedestrians alike.

The typical sequence of color phases:

Illumination of the green light allows traffic to proceed in the direction denoted, if it is

safe to do so

[llumination of the orange/amber light denoting prepare to stop short of the intersection 5

if it is safe to do so

Illumination of the red signal prohibits any traffic from proceeding.

2.4.2 Basic concepts for design [12]

The signal design procedure involves five major steps. They include:

. Phase design :

The objective of phase design is to separate the conflicting movements in an intersection
into various phases, so that movements in a phase should have no conflicts.

. Interval design for amber time:

It called the change, this interval or amber time is provided after green time for
movement. The purpose is to warn a driver approaching the intersection during the end
of a green time about the coming of a red signal. It's normally about 4 to 5 seconds.

. Cycletime :

Cycle time is the amount of time from the beginning of a red light to the beginning of the
next red light. All of the events at a signal happen inside one cycle. Normal cycle times
are somewhere between 80 seconds and 120 seconds for most large roads...

. Apportioning of green time

Is the available time for the vehicle to cross the intersection and it's about 10-15 seconds.

5 - pedestrian crossing requirements.

2.4.3 Traffic light circuit design:

Here is an explanation for a simple traffic light controller circuit:
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Figure 2.7 traffic light circuit

This figure will be discussed later in chapter 4.

2.5 sensor:

2.5.1 sensor identification: : : fig b
A sensor is a converter that measures a physical quantity and converts it into a signal

il be read by an observer or by an electronic instrument. It is a device which receive's
. dlc - ds to a signal when touched. A sensor's sensitivity indicates how much the sensor's
and respon

tput phanges when the measured quantity changes, Sensors that measure very small changes
output ¢

must have very high sensitivities.

i ) ications i ines
i s, applications include cars, machines,
i le applications for sensors;
There are also innumerab

aerospace, medicine, manufacturing and robotics.
A good sensor obeys the following rules:

s rty only
to the measured prope 45 s
; is ?enSItSli\;ieve to any other property likely to be encountered in its application
e Isinsen




o Does not influence the measured property

signal and measured property.

But if the sensor is not ideal, several types of deviations can be observed; these deviations
can be classified as systematic errors or random errors. Systematic errors can sometimes be
compensated for by means of some kind of calibration strategy. Noise is a random error that can
be reduced by signal processing, such as filtering, usually at the expense of the dynamic behavior

of the sensor.' The sensitivity in not ideal sensor may in practice differ from the value specified.
This is called a sensitivity error, but the sensor is still linear.

There are a lot of sensor types, in our project we may use sensor to know the direction that
the vehicle will come from.
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3.1 Introduction:

: .In this chapter, we will describe the general block diagram of the whole system,
including the system elements; also we will explain the work design methodology.

3.2 Basic operation:

Once there is -aln emergency action, the driver of the emergency vehicle will trigger the
system, the XBee device will be used at emergency vehicle and traffic light sides.

. In the emergency vehicl.e side the XBee transmits data to the XBee on to the traffic light
side through node to node ZigBee network to pass data to the PIC microcontroller that will make
a decision which traffic light should be set as green.

3.3 Block diagram:

ZigBee network

I

. 1
. ‘
Xbee receiver :

!

1
1 I
— | TR e e
[ Central Xbee L’r Micro- »( Traffic light
{  receiver 1 | controller ; L
e W W
: \/ I I
i I
g e ———— I
i 1
sl : Traffic light
|
J

Figure 3.1: Main Block Diagram
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Figure 3.2: Emergency Vehicle Side
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Figure 3.3: Traffic Light Side
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3.4 Main system components:

project, as the following:

In this section we are go1ing to describe the function of each component we will use in our

3.4.1 ZigBee:
We are going to use:

Ik

)‘(Bee .transmitter device on the emergency vehicle; which sends a signal to the traffic
light side by ZigBee network.

XBee router to pass the signal from XBee transmitter to the central XBee receiver.
Central XBee receiver device at the traffic light side; which receives the signal from

XBee routers with its addresses, and passes this signal to the traffic light's
microcontroller.

In this project XBee ImW Chip Antenna will be used, and its characteristics are:

Allow a very reliable and simple communication between microcontrollers, computers,
systems, and anything with a serial port.

Point to point and multi-point networks are supported.
300ft (100m) range.
Built-in antenna.

6 10-bit ADC input pins

Figure 3.4:XBee module
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3.4.2 Microcontroller:

programwhenever there is an emergency car arriving

In this project PIC18F4550 will be used, this is due to:

» Economical price.

» Enhanced Flash program memory.

* All o‘f the devices in the PIC18F4550 reduce power consumption during

operation.

» The module supports both low-speed and full-speed communication for all supported data
transfer types.

o It also incorporates its own on-chip transceiver and 3.3V regulator and supports the use of
external transceivers and voltage regulators.

* 10-Bit A/D Converter.

* Enhanced Addressable USART: This serial communication module is capable of standard RS-
232 operation.

The PIC18F4550 has all what is needed for the implementation of this project, enough /O Ports,
ADC, timers, and serial communication USART.

L

o
il
.1y1‘
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Figure3.5:PIC18F4550

3.4. 3 Traffic light:

The traffic light is the purposed component to be controlled in our project idea.

We will build it using the PIC microcontroller, so it will be easier to deal with and control.

t consists of the PIC microcontroller that it will be programmed to work in the

The circui the whole system design.

way we need and with the time delay to deal with

The time lengths are divides as the following:




[§ Thearbenintenvalis normally about 2 seconds
2. The green light interval is about 5 seconds. ¢
3. The cycle time from the beginnin

: g of ared light t G :
a four intersection road is about 4 ght to the beginning of the next red light for

0 seconds.

Back to the traffic light circuit we also neeq three leds; red

; A d ; amber and green for each road in the
intersection, and we need resistors, capacitors and wires for

connections.

3.6 Software design:

A flowchart is a type of diagram that represents an algorithm or process, showing the
steps as boxes of various kinds, and their order by connecting these with arrows. This
diagrammatic representation can give a step-by-step solution to a given problem. Process
operations are represented in these boxes, and arrows connecting them represent flow of control.

And there are thethree main flowcharts that will be explained:

» Emergency vehicle as a sender (coordinator ) flowchart.
= Routers that set on the street sides flowchart.
= Traffic light as a receiver flowchart.

e The coordinator flowchart:

As shown below in figure 3.6, when the driver triggers the system, the system will be
ready to work. A signal that generated from the PIC microcontroller will be passed to the XBee

unit transmitter to be transmitted to the XBee routers.




Figure 3.6: Flowchart For The Sender Side

This scenario consists of a cross road with three intersections, each section has its XBee
receiver ‘as router’ ,all XBee routers are connected to the central XBee, which connected to

traffic light PIC microcontroller.

® The router flowchart:
As shown in figure 3.7,after the received signal reached the Xbeenodes on the street we will
epeater and compare it with threshold value. If it is

measure the power value on each Xbee r
greater than the threshold, the signal included Xbee address should be passed to the central Xbee,

unless the signal should be received again from Xbee coordinator.

-
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Figure 3.7: Router Flow Chart

e (Central flow chart :

gnal reached the central XBee receiver, we will take

As shown in figure 3.8, after the received si
at has sent it so we can determine from which

the mac address of the XBee repeater th
intersection the emergency car will come from.

d to the microcontroller that will start to execute the

After that the signal should be passe
ffic light as green and the others as red.

in"f”fmpt action which sets the desired tra

To make sure that the emergency car Cross the traffic light, we will measure the signal
power, compare it with threshold value that would be determined, so -1f the received power
greater than this threshold value, keep the traffic light as green, if not the interrupt action will be

/——{37]——f




Figure 3.8: Flowchart For The Receiver Side
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4.1 Introduction

onstruction and testin .
c i, hg Process are very important to insure that the system works successfully
ollecting a : : ;
After ¢ g ' the necessary information related to the project and analyzing them, the
fertricditoibaid theisystem step by step, as will be shown :

4.2 Hardware design

This chapter provides a description about detailed project design which can be
summarized by understanding the way XBee & microcontroller work and implementing the

connection between the microcontroller, and radio transceiver.

Figure (4.1) shows the general schematic of every circuit that will be designed in details

in this chapter.

C’j ENED)

)

PICI8F:

Figure 4.1: Hardware Schematic

1) The XBee on the ambulance broadcasts the signal to all possible destinations.

2) Signal will be received by the XBee that exists on the road.
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3) The XBee will pass this signa] to the PIC18F2550 which
address in it and check it if the Power exceeded the thy,
e

the microcontroller will re-pass it to the XBee to send it t

4)If the power isn’t exceeded the thresholq value, the microcon

; ; troller will not pass it to XBee so
the XBee will not transmit any signal to the central XBee ;

oty Do enafiesfovthe contat XBee, it will transmit signal to the PIC18F4550 which
controls the Traffic light.

4.2.1 Circuits description and interfacing

In this section the hardware circuits will be described in details, by showing the
connections and interfacing between each XBee and PIC microcontroller.

o Coordinator circuit (switch):

The circuit was built at board as shown in figure 4.2:

Figure 4.2: Hardware Switch Circuit

i re 4.3:
The circuit was drawn at Proteus as shown in figu

R
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Figure 4.3: Switch Circuit Drawn at Proteus
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ver W ich i will make the PIC sends
if there i gency car, the driver will press the button which in turn
I there 1s emer L

command to XBee to start transmitting data.

° Router circuit (street nodes):

in figure 4.4:
The circuit was built at board as shown in Iigur
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This circuit shows the

interfacj
oflloving 3°INg  between XRee

and PIC 18£2550  as

1) XBee will receive signal from coordinatoy XB
ee.

gy Slfgnal . received Wil be passed to the pic
e XBee with pin 18 (RX) of the PIC. ®Y comeeting pin DOUT of

d

if it’s larger th

yalue, ger than the threshold , the PIC win pg

e XBee to be transmitted to the central XB pass the XBee address to
ee,

pin DIN of the XBee with pin 17 ( TX ) of the PIC and that’s why we connect

Central circuit:

The circuit was built at board as below:

6: Hardware Central Circuit

Figure 4.

The gipers:
circuit was drawn at Proteus as shown in figure 4.7:
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Figure 4.7: Central Circuit Drawn at Proteus

This circuit shows the interfacing between central XBee and PIC 18f4550 microcontroller as

described in the following steps:

1) The traffic lights were connected to the PIC through port B from (b0-b7) and port D (d0).

2) Pin DOUT of the central XBee is connected to pin 26 (RX) of the PIC microcontroller.

3) When the signal is received, it will be passed to the PIC; to start the interrupt program so

the PIC will change the normal behavior.

422 XBee in '
terf
g ¢ XBee ZB RF Modules are designed

XBee ZB"Series]" will be used in this project. Th

i eeds
" Operate within the ZigBee protocol and support the unique I
band.

of low-cost, low-power. The

Modules operate within the ISM 2.4 GHz frequency

f/n:]———/"’/———_




o CTS: "Clear to Send" this is 4 flow contro| pin that can p
; € us
data in the XBee input buffer ready to be reaqd

o 5Vi this is the power input pin into the 3.3V regulator. Provide up to gy that wi
lincarly converted into 3.3V at will be

Y Thia 1e tha s JEM1 ¢ . y L (] .

o TX: This 1s the XBee's serial (ransmit pin. Serial data ig sent on this pin out of the XB

ee
after it has been transmitted wirelessly from another module
1 Thie 1¢ the ¥ vl @engs ¢ BOAIUA Uy i) .

o RX: This is the XBee's serial receive pin. Serial data is sent on this pin into the XBee to
be transmitted wirelessly,

o RTS (ready to send): this is a flow control pin that can be used to tel] the XBee to signal
that the microcontroller needs a break from reading serial data.

o 3V pin; this pin can be used as an input power if 5V is not provided or as output pin from

250mA regulator if SV is provided [13].

DTR - Flow control into XBee ——p 4 v
RST - XBee Resel wm—wm——d ¥
Commen Ground w———""% % 4
CTS - Flow contro! from XBee’_«_C, : ’
V. ;)owur to regulator —_w? P
RX - Serial data into XBee &
TX - Serial data from XBee
RTS - Flow contro! into XBee

3V from regulator (or input)

Figure 4.8: XBee Pins.

i i IC18F4550, XBee
This figure shows the all connection of pins in every node which contains the P

nseejyer.




3PIC microcontroller
42

operation.

This PIC has 40 pins divided to 5 I/O ports (PORTA, PORTB, PORTC, PORTD and
PORTE). PORTB and PORTD have 8 pins to receive/transmit 8-bit /O data. The remaining
ports have different numbers of pins for I/O data communications. The PIC has some pins just to
&t power, typically +5 volts and 0 volts or ground. Additionally there are 2 pins where a quartz
uystal is attached to provide a basic “pulse” or clock for the PIC.PIC18F4550 has 12 different
source for clock oscillator and there are internal clock oscillator consists from 8 user-selectable
‘ fequencies, from 31 kHz to 8 MHz Selection of particular internal frequency is obtained through
Specific programming of internal register which is called "OSCCON"[1].

This PIC was connected with the central XBee and the traffic light circuit so it can

“trol them the way we want.

: be used in
To program the device in this project in some pins of the PIC18F4550 can be

Uifren description as the following:

* Pin1 can be used as:

in. it i ‘ve-low pin which used
1) MCLR (Master Clear reset input): an input pin, it is an active p

to reset the device. )
: input.
2) Pp.: power pin which is a programming voltage mp
3) RE3: this pin is used as Digital input.




o Pinll: (Vbp) power positive Supply for o
o Pin12: (Vss) Ground reference for logic
o Port B: from pin 33 to pin 40 are used ag
o Port D: that built from pin 19, 20, 21, 20;

gic and /g pins.
and [/Q pins,

I/0 digita) data,

27, 28,29 and 3
o Pin 25 can be used as » are used as 1/ digital data,

1) TX: EUSART asynchronoug transmit,
2) RC6: for digital I/O
3) CK: EUSART synchronous clock.

But in our circuit we used it ag transmitter,

Pin 26 can be used as :

1) RC7: for digital /O
2) RX: EUSART asynchronous receive.

3) DT: EUSART synchronous data (see TX/CK).
4) SDO: SPI data out.

And in our circuit we used it as receiver.

RDY/SPPO:RDY/SPP4 1
RDS/SPPS/P1B —"t
RDE/SPPEPIC =

RD7/SPP7/P1D

RSQANIZNTOFLTOSDISOA [
RBUANIOINT1/SCK/SCL
P—=X] REZANSANT2VMO

: RBVANYCCP2PO
= RBAANIKBIO/CSSPP

RCOTIOSOTIACK!
T] RC1T10SVCCP2HLUCE
RCYCCPIPIA
RCADVM

==} RCSIDWVP

RCETXCK
[ | | RC7/IRXDTISOO

PIC18F4550

Figure 4.9: PIC18F4550 ADC Inputs

“232 PIC18F2550 microcontroller:

: less number of
This PIC was chosen also for the same properties of PIC18F4550, but less

I i where no ports need to
i This kind of PICs was connected to the XBee’s on the street sides,

: °0nnected, and less number of pins needs to be used.

R - _ . adime et




And here are the pins that were used in Programm;j
ing:

And in our circuit we used it as receiver.

Pin 1 can be used as:

1) MCLR (Master Clear Teset input): an i

Put pin, it is an active. i :
to reset the device, ctive-low pin which used

2) Pp.: power pin which isa Programming voltage input
3) RES3: this pin is used ag Digital input,

Pin 8 or Pin 19: (Vss) Ground reference for logic and /O pins.
Pin 20: (Vpp) power positive supply for logic and /0 pins.
Pin 17 can be used as:

1) TX: EUSART asynchronous transmit,

2) RC6: for digital /O

3) CK: EUSART synchronous clock.

But in our circuit we used it as a transmitter

Pin 18 can be used as :

5) RC7: for digital /O

6) RX: EUSART asynchronous receive.

7) DT: EUSART synchronous data (see TX/CK).
8) SDO: SPI data out.

4.3 Software Design Implementation

In this section, the detailed description for the project software, in previous section we

talked about how we can interface between XBee and microcontroller from hardware

description, in this section we will describe software was used to have hardware interfaces goal.

And for software implementation, Micro C was used to program microcontroller in C language.

43.1 PIC programming

XBee that interface with it .An algorithm is develo

ole system. It receives the desired data from the

- as brain of the wh
heREpal s ped to make the microcontroller able to read

the inpyt ang respond accordingly.

’/{49}7




4.3.1.1 PIC code analysis

The PIC code is the code that is burned o

| n the PIC in order to contro] the whole operation
of the system, because the PIC i the core of thig

System.

In our system the PIC18£2550 perform three functions:

1) Communicate with the XBee that interface with it

2) Getting the reading power from the XBee and converting these reading to volt.
3) Comparing these data with threshold value; and if th

¢ data is greater than the threshold, it
sends command to the XBee to send the data to the ¢

entral XBee.

And the PIC18f4550 perform two functions:

1) Controlling normal behavior of traffic light system.
2) Receiving the data from the central XBee and changing the behavior of the traffic light according

these data.

4.3.1.2 MPLAB IDE
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0_g.lkr), library file (p18f4550.1ib), source

file 2 add file that contain code of Project . Qutput window for sure that code correctly

executes.

In the MPLAB IDE, we can:

1) Create source code using the built-in editor.

2) Knowing which peripherals and pins control hardware, write the software. We use a
compiler that allows a more natura] language for creating programs.

3) Assemble, compile and link source code using various language tools. An assembler,
linker and librarian come with MPLAB IDE.

4) “Bumn” code into a microcontroller and verify that it executes correctly in finished

application.

Figure 4.11: ICD2 Programmer

Traditionally, embedded systems engineers use in-circuitemulators (ICE) to develop and
aditionally, e

; i
fer the code to the devices. Thein-circui
debug their desi dthen programmers to trans
gns andthen p

deby ST hen implemented, is part of theactual microcontroller silicon and provides a
ging logic, when imp )

10W~costaltemative to a more expensive ICE.




I
|
tj
|

Features
. USB (Full Speed 2 Mbits/, s) and RS-232 interfac

: € to host pC
. Real-time execution

. MPLAB IDE compatible,

+ Built-in over voltage/short circyit monitor

» Supports low voltage to 2.0 volts (2.0t0 6.0 ranges)
- Diagnostic LED's (Power, Busy, Error)

- Read/Write program and data memory of microcontro]]er

- Erase of program memory space with verification

4.3.1.3 Codes description:

Transmitting code:

The process of sending the emergency command is implemented through the following

code:

Void main () {
OSCCON=0x72;
TRISA=1;
PORTA=0;
PORTB=0;
TRISB=1;

UART1_Init (9600);

While(1)

if(button(&PORTB,O,S0,0))

{
UART1_Write_Text("Emergency");

de]ay_ms(SOOO);
}

} llclose while loop
} llclose void main

c emergency action.
fouters that allocated on the streets when there 1s an .

e




implemented through the following code:

void main() {

0SCCON=0x72;
TRISA=1;
PORTA=0;
PORTB=0;
TRISB=0;
ADCONI1=14;
UART1_Init(9600);
while(1)

{
volt=ADC_Read(0)/4;
if(volt>220)

{
delay_ms(3000);
UART1_Write Text("*B#");
PORTB=1;

delay_ms(SOOO);

}
PORTB=0;

} llclose while loop

} llelose void main

the XBee that

i far from
The above code is used to check if the emergency vehicle near or

allocateq on the street by:

/,_{53]'/




v/ Measuring the power from the
v' Converting it to voltage,
v' Comparing it with thresho]q value .

v Ifitis greater than the threshold, XBee sends its address to the central XBee

transmitter

4.3.2 XBee configuration:

f " otare will be used fo test and configure Bee module. The software is easy to

use, update the parameters, and allows testing the radio modems in the actua] environment with

just a computer and the items included with the radio modems

We can communicate with XBee through "USB Serial Port”. This means that we have

to stabilize a serial connection between the XBee board and PC device, With USB adapter.that is

because we want to set the XBee parameters,

More than one device (XBee) can connect on serial port of the PC; so that we can test the

wireless communication and connect more than one XBee to our PC.

We interested in these four important basic confi gurations on the XBee:

e baud rate for serial communication

B ———

e network identifier
e node address

® destination node address

There are three different XBee configarations , one for the coerdinatore,router , end device

(central).

e The coerdinatore XBee configaration :

| Step 1:
:




Select Com Port

Baud @ﬁ
Flow Control m
Data Bits ]8 ]"
Parity ]NDNE .Z

Stop Bits ]1 v 1
. ks Test / Query ]
Host Setup lrUser Com Ports | Network Interface |

FAPI Hepohse Timeoit———— ==
I Enable AP L
I Use escape characters (ATAP = 2) Timeout

[—AT' command Setup

ASCIl Hex

Command Character (CC) I & I 2B
Guard Time Before [BT) ] 1000

~ Modem Flash Update
I No baud change

Figure 4.12: PC setting

Select com port in section : "PC Settings"

1) Baud Rate set to 9600 .
2) Flow Control : NONE
3) Data Bits : 8

4) Parity : NONE

5) Stop Bits : 1 .
6) Click "Test / Query" , so the XBee serial address will be shown.

Step 2:

l/—[55]——




| Modem Eggaingei _ Profile Remote Confiquran:

PC Setlingsl Range Test TRl Mader ot
r-Modem Parameter and Firmware
Read Write Restore

I Always Update Firmware

Parameter View
Clear s creen

Show Defaults

Modem: XBEE Function Set
[[1xB24DM |~ | [XBEE DIGIMESH 2
||| [%24-003 (4]

;23‘2‘219 Dperating Channel

YB24-B - Network |D

Proadcast Multi-Transmits
X Pawer Level
= [Unicast Retries

XB24C

XB24-WF
XB24-ZB

XBP08-DP [C-MAC Statistics and Timeouts
XBP09-DM

XBP0S-DP Jtouting!h‘lessaging Mode
XBPOSXSC roadcast Hops

§gg§28 Network Hops

XBP24BZ7 esh Unicast Retries

XBP24C aﬂetwork Delay Slots

B4 Addressing

----- B (134200) SH - Serial Number High
----- [ (403446BF) SL - Serial Number Low
----- n (0) DH - Destination Address High

----- B (FFFF] DL - Destination &ddress Law

----- B () NI - Node Identifier
..... b AN KT . Kahaarl Niceavan B anlb.qff

| Terminal Modem Conﬁgurati;;i—. .

‘ Version
.~ 18064 v

-
f—
—

|IRead parameters..0K

ICOM3  [96008-N-1 FLOW:NONE XBZ4-DM»Ver:VBUB4UI ailabis i

Figure 4.13: Setting The Modem Configuration

Go To Modem Configuration and click the Read Button , then start configure it as the following

1) select the" modem”" type" XB24-"DM".

2) "Functi " is the firmware inside XBee. It is responsible for different topogies and
unction se
function is set as XBEE DIGIMESH 2.4

configuration. In this project the

3) The "Version " is set 8064.

4) Click "Write" to load the new firmware.

\T-J
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1] .
7,_, [COM3] X-CTU {uh-v : 537‘
{[Modem Parameter Profile Remote Configuration... Versions,

:ﬂ % Selfs Range Test| Teminal Modem Configuration ] )

< |~ Modem Parameter and Firmware Parameter View - - Profile Versions
Read l Wiite I Bestore—l’ Clear Screen Save
== i : ‘ Downlpad new
ways Update Firmware ‘J Show Defaults Load YEISOns..,
2l || Modem: XBEE Function Set i G Version
KB24DM | ~| [XBEE DIGIMESH 24 =] oo 2
----- B (4)PL - TX Power Level &

""" [ (0)RR - Unicast Retries

[#-(] Diagnostic-MAC Statistics and Timeouts
B-E3 Network

‘% ---- & (0] CE - Routing/M essaging Mode

;o B (0)BH - Broadcast Hops

1 =~ B (7)NH - Network Hops _]

----- B (1) MR - Mesh Unicast Retries

~~~~~ B (3) NN - Network Delay Slots

B3 Addressing

----- B (134200) SH - Serial Number High

----- [ (409446BF) SL - Serial Number Low

anll: - B (0) DH - Destination Address High

~~~~~ B (FFFF) DL - Destination Address Low G

---- B () NI - Node Identifier

----- B (82) NT - Network Discovery Back-off

""" B (0) NO - Network Discovery Options

----- B (11)CI - Cluster ID

B3 Security "

A nerintian Enshla g

s T.he la;;egzﬂzit?;f- t;e 64 bit destination address. 0x000000000000FFFF is the broadcast

address.

RANGE:0-0XFFFFFFFF

b £

[COM3 [96008N-1 FLOW.NONE xB24DM Ver8054 B
N

Figure 4.14: Setting The Modem Configuration For The Coordinato
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e The router XBee configaratiop

The router XBee that i on th
S set the four Street sids of the intersection to configure t
> hese

XBees we did the same steps as shown before , with one different is the DH ang DL, as shown i
, wn in

the figure.

el

e N L)

Modem Param

eter

mEer, Profile  Remote Configuration.. Versions.,
pcs_emng.slﬁange Te_st] Terminal Modem tOﬂf‘iQUfaﬁonﬁn SRR T

 Modem Parameter and Firmware

i _ Parameter View Profile Versio |
Frmren =l ol ns

Read l Wiite ' ~ Restore I Clear Screen Save ;\
A e R Download new | | |1
! Always Update Firmware , Show Defaults Load Versions... J

Modem: XBEE Function Set Version

XB24DM | [XBEE DIGIMESH 24 =] Jooss -] ||
~~~~~ B (0)BH - Broadcast Hops |

----- B (7)NH - Network Hops N

----- B (1) MR - Mesh Unicast Retries

| B (2)NN - Network Delay Slots -

B3 Addressing

~~~~~ B (134200) SH - Serial Number High

----- 3 (409F6BEA) SL - Serial Number Low

----- B (13A200) DH - Destination Address High %

m

~~~~~ B (409F5758) DL - Destination Address Low [409F6758
----- B () NI - Node Identifier

----- B (82) NT - Network Discovery Back-off ‘
----- B (0)NO - Network Discovery Options _
----- B (11)Cl - Cluster ID

-5 Security

~~~~~ B (0) EE - Encryption Enable

----- B KY - AES Encryption Key

=3 Serial Interfacing

----- B (31BD - Baud Rate

----- B (0)NB - Paiity L

..... B3 r21 RN - Panl atisztion Timaant -
The lower 32 bits of the 64 bit destination address. 0x000000000000FFFF is the broadcast

address.

| RANGE:0-0XFFFFFFFF l
|c0M3 [S6008N-1 FLOW:NONE XB24-DM Ver8064 e |

o s AN

Figure 4.15:Setting Distination Adress

= =409A468F ,which is the
Set the distination adress on thesse XBees DH=13A200 .DL=4

*eial adress of the end device (the central XBee)

/_—{58]—’,




e The end device configaration :

Same as before but without configurate

transmite any data to any deviceg

, it just receiy

the DY and DL, Because it don’t need to

e data anq pass it to the PIC microcontroller.




Chapter Five

Testing and Results

5.1 Introduction
3.2 Testing and Results
3.2.1 XBEE testing
5.2.2 PIC Testing
3.3 Performance evaluation
5.3.1 Power measurements
5.3.2 Delay
5.3.3 Localization

3.3.4 Performance analysis




5.1 Introduction

including the testing results.

5.2.1 XBee testing

Here we test the connection between the coordinator XBee and the XBees that set on the

street sides (routers).

The coordinator XBee will send data that include the word “EMERGENCY” to the

routers, and as shown this is what we get at the router XBees.

| Pc Settings | Range Test Teminal | Modem Configuration |

Line Status Assert E Close
-”Dm IV [RTSW [Break ™| com Port

Assemble|| Clear | Show||f
Packet |l Screen] Hex

Emergency Emergency =

Figure 5.1: Received Data at X-CTU
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5.2.2 PIC microcontroller testing

| Range Test Terminal I Modem Conhgurah;nl

I8l - Line Status Assert ‘j’
cre )i '

]m lom IV [RTS [BieakT| coonn, | Assemble] Clear | sho f

“ ComPort | Packet Screen| Hex

H

§| PC Settings

[COM7  [9600 8:N-1 FLOW:NONE Rx 3bytes

Figure 5.2: Received Data at X-CTU

3.3 Performance evaluation

To evaluate the performance in this project, we lave s mziute £= Celay, power and

localization. These measurements should be applied to the XBee scenario.

/____[62}7




5.3.1 Power measurements:

Distance (m)

Power1 (dBm)

Power2 (@Bm)  Power3 (dBm)  Powerq (dBm) Avg Power

E (dBm)
2 58 =1 -49 47 ~48.75
2 e 61 61 -55 -58.75
4 71 -65 -72 7 -69.75
6 -74 71 -79 -75 -74.75
10 -83 -78 -78 -78 -75.5
12 -72 -80 72 K] -76.25
14 -85 -78 -78 -9 -80.75
18 -89 -87 -81 -76 -85.25
20 -88 -88 -82 -86 -88.75

Table 5.1: Power Measurements

The relationship between the distance and average power shown in the curve:

power (dBm)

15

20 25;

" distance (m)

Figure 5.3: Relation between Distance and Average Power
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figure below
X
About XModem =
PC Setting: | g ; o
Line swusl m:\:::n i L ]
L---J [[nnﬂ"lmsw Breakr" o Clear ShWI
s e — | Com Port Paokel Screen| Hex
|| +++OK
atdb
i42
atcn|
! |
l
|
|
|
]
| |
COMS5 _ [9500BN-1 FLOWINONE  Fmebies [

Figure 5.4: Power Measurments In X-CTU

First we send any data such as “hello” then we access the AT command and measure the

power using the command ATDB.

And this measure was taken on distance 6m, the power reading is 42 dBm in hex, which = 66

dBm in decimal.

332 Delay
The delay is an important factor in this project as the nature of the sending data requires fast

transmission. The delay defines how long it takes for an entire message to completely arrive at

the central XBee from the time the first bit is sent out from the coordinator passing through the

routers that sets on the streets sides. The delay is made § N L pesaton. e,

transmissjon time, queuing time and processing delay.

1) Propagation Time: measures the time required for a bit to travel from the source to the
gation :

de st The propagation time is calculated by dividing the distance by the
ination.

propagation speed.

(s —




p : : :
ropagation T1me=D1stance/ Propagation speed

Transmission Time= message size / bandwidth

pefore it can be processed

4) Processing Time: the time the PIC takeg to process the data received and compare it to

the threshold value and pass it again to the XBEE to be transmit.

In our project the processing time is 2s as programmed, the transition time as measured is
2.5ms .and the propagation time was measured first from the coordinator to the router, it was

taken many times with changing in distance as shown in the table , second from the router to the

central and this is affixed value.

Distance in (m) Delay in (ns)
2 6
4 13
6 20
8 26
33
10
40
12
\

Table 5.2: Delay From Coordinator To router
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Figure5.5: Del y From Coordinator To Router
5.3.3 Localization:

Localization should be taken carefully, XBees on the streets must be localized in a way that

avoids the interference between XBees.

XBees has been placed on a certain distance from the traffic signal, the signal was sent

from the ambulance, and the nearest XBee received the signal & send it to the central XBee.

The better distance between XBee’s on the streets & the traffic light to get right results

Was 23m at this distance we avoided interference between them & we got our goal which is to

know the street that the ambulance will come from.

534 Performance analysis:
We applied the project in B+ park, in many cases, at the different environments, and this

 the results we got:




coordinator is about three to four meters far from the router

the successive rate was 100% .

This was the critical case, where the coordinator was near to the central circuit

For explanation : if the emergency vehicle is coming from street “A”, and the driver tri gger the

system when he was standing on the traffic light, the successive rat shows the percentage of how
many times the light of street “A” is set as green, and close the others, and the error rate shows

the percentage of how many times the light of street “B” or “C” is set as green instead of street

“A”

The total results we got are shown below:

* Inthe morning at 8:00am, when there is no movement; no students, no cars. We found

that afterl5 trials, 13 were succeeded and 2 were failed.

By calculations, successive rate= 13/15= 86.66%.

Error rate = 13.33%.

In the middle of the day, at 12:30 pm, where there was movement of students and cars,
' we found that after 15 trials, 12 were succeeded and 3were failed.
By calculations, successive rate= 14/18= 80%.

Error rate = 20%.

iled.
* Inawindy day, and after 15 trials, 10 were succeeded and Swere faile

e 0,
By calculations, successive rate= 10/15= 66.6%.

Error rate = 33.3%.

/——[67]/
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These results in case three were unacceptable, gq We tried
5 e trie

reducing the threshold value, and re-localiz;

following:

By calculations, successive rate= 13/15= 86.6%

En'or rate = 133%

We aspired to improve the result We got at the windy day, but unfortunately we couldn’t

take it because there were no more windy days .

But as expecting the results will be better than before, as we got at the previous experiment




Chapter Six

Recommendations and Conclusion

6.1 Introduction
6.2 System achievements
6.3 Real learning outcomes

6.4 Recommendations

6.5 Conclusions




6.1 Introduction

The p oject has been y
e proj done step b step, for developing a new idea which j b
10 18 building a smart

affic light.

6.2 System achievements

Almost all the goals of our system have been achieved. In this point the main

achievements of the system are discussed and the ways of achieving it.

We build a traffic light system that approximately similar to the system in our city by

programming the microcontroller.

We configure the XBee transceiver, we configure the transmitter one to broadcast signal
toreach XBees that allocated on the roads & we configure the XBee’s on roads to routing data to

central XBee to pass signal to the microcontroller to control traffic lights.

We build a coordinator node near the traffic light that consists of XBee transceiver and

make a serial communication between PIC and this XBee to pass data between them.

We control the traffic light system according to this data; we can run our application

continuous]y

6.3 Real learning outcomes

i ing points:
After the implementation of the project we have an expert in the following p

* Learn how to build traffic light system
* Learn how to use and program 18F4550 microcontroller.

XB . .
ee configuration. echnology and make routing.

* Learn how to create network using ZigBee t

e —




6.4 Recommendations

* An mprovement to the system could be applied, by using sensors op the traffic light to

ed the traffic light.
o Measuring the load in each street in the intersection, and give the stree

load the priority of the green light.

be more accurate in deciding that the ambulance was pass

t with the highest

6.5 Conclusion

Finally at the end of the long work in this project, we built the smart traffic light system,
and it has efficiently worked in the way we want. We also solve the problems and challenges that
we faced.

The general challenges include how to deal with three software programs which is Proteus,
micro ¢ and X-CTU, another challenge was how to collect all the hardware’s and built the
circuits and the biggest challenge was in the first moment we turn on the system, and start
finding the way to solve the critical case, which is how to decide the street that the emergency
vehicle comes from in case the driver trigger the system when he was standing on the traffic
light,

And the specific challenges were:
1) The power reading was changed according to the environment changes.
2) Determining the exact gray region (critical region) which is the region where the error

- hicle comes from.
3) The ability of determining the street where the emergency venl

in building this
But at the end of the day it was a nice thing to see our dream and effort in building

7 ; c is group.
*Ystem becomes true, also it was an interesting work in this group

j,.—[n]—/




And finally in few words ....,
f our lovers ar : :
Souls 0 . e the most important thing of our life, nothjp
sbsence, & regret will not change anything 4 ;4 wil § can compensate thejr

I'be too late jf :
. : . . We didn’t do someth;
them, so this project was built to save theiy souls by allowing the Cmergency vehicl ething for
vehicle to reach the

place it need in due course and without problems in heavy traffic
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= — Watt Technolggy, .
universal Serial Bus Features: = gy 7
, USB V2.0 Compliant eripheral Highlights: == “
. Low Speed (1.5 Mbis) and Full Speed (12 Mbrs) * High-Current smk/sgumti'. " :
] %%%?ertrs; Control, Interrupt, Isochronous and Bulk E ;23’;61_ EnXtemal Interrupts 25 mA/25 mA ;
: e g Er modules (Time
. Supports up to 32 Endpoints (16 bidirectional) Upto2 Capmre"COm(;)rare/Qv\t,o Timer3) |52
. 1Kpyte Dual Access RAM for USB - Caplure is 16-bit, max rocs r(CCF) Modules :
. On-Chip USB Transceiver with On-Chip Volta - Compare is 16-bit. mrax o UloN 5.2 15 (Tev/16)
Regulator 2= - PV oUtput PWH resgppo ion 83:3 s (Tor) ,
+ Inerface for OF-Chip USB Transceiver * Enhanced Capture/Corizce;Irl:at/l|c:)>r\,lr|S ot =5
» Streaming Parallel Port (SPP) for USB streaming - Muitiple output modes M (ECCP) module:
transfers (40/44-pin devices only) - Selectable polarity
- Programmable dead i
me oo

- Auto-shutdown and auto-restart

Power-Managed Modes:
* Enhanced USART module:

. lIE}m: g’;ﬁ! of?, peripherals on LINb
+ Idlez CPU off, peripherals on g US support
+ Sleep: CPU off, peripherals off * Master Synchronous Serial Port
. gﬂe mode currents down to 5.8 uA typical ;‘,’apsF;O”i“QGSéWire SPI (all 4 modg;saiz)léncgime
« Sleep mode currents down to 0.1 ' HEendSlave modes
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E For ‘ ; P - C Compiler Optimized Architecture wi i

o l; géystal modes, including High Precision PLL Extendgd Inst‘r)uction Set RS U W
T - 100,000 Erase/Write Cycle Enhanced Fi

0 External Clock modes, up fo 48 MHz Program Memory typi?aII e

1,000,000 Erase/Write Cycle Data EEPROM

0 lnt;rnal Oscillator Block: .
- u s o
to 853 :;Iectable frequencies, from 31 kHz Memory fypical
- Flash/Data EEPROM Retention: > 40 years

Self-Programmable under Software Control
- Priority Levels for Interrupts
- 8 x 8 Single-Cycle Hardware Muttiplier
. Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
- Programmable Code Protection
. Single-Supply 5V In-Circuit Serial
Programming™ (IcSP™)via two pins

. In-Circuit Debug (ICD) viatwo pins ;
/ICSP port (44-pin devices only)

elézﬁgtunable to compensate for frequency drift
; Osi?l’ Oscillator using Timer1 @ 32 kHz
e dlu?tc;r options allow microcontrolier and
e € lo run at different clock speeds
i afe Clock Monitor:
lows for safe shutdown if any clock stops

- Optional dedicated ICD
. Wide Operating Voltage Range (2.0V to 5.5V)
\ A
r"" | PR (BT
Deyj Program Memory Data Memory . MSSP i § i
b ; 10-Bit [CCP/EC p aster| 8 | & |68t
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P\ Vtes)| Instructions | (bytes)| (bytes) S|
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MCLR/VPP/RE3
RAQ/ANO =—a 5 1) | ’
RATVANT =—a ] 5 gl ESWKsmmGD
RAZ/ANZ/NREF-/CVREF <—=- 4 <17/ g RB?KBQ/PQQ
RA3/AN3/NREF+ HD 5 37 n| = RB4I,KB”IPGM
[TOCKIC1OUT/RCY <—a ] <J: 1 Rssﬁzzﬂmsloxcsspp
gAN4/SSIHLYDIN/C20UT <—-| | 7 360 -+ rey 9ICCP2Myypq
i REOD/ANS/CK1SPP =—a| | g 34 [J RB1"2£1|8/1NT2NMO
i
RE1/AN6/CK2SPP <—=| | g i salEe.. RBO"AN:O/INTHSCK/SCL
RE2/AN7/CESPP =—| | 10 S 320wy o ZINTOFLTO/SD S,
\\;DD e L1 i g; g 7 VEs
SS . =] 12 WR A ~—~ RD7/S
: O SPP7/P1D
OSC1/CLKI —= | |13 & g 39 H ~—~ RD6/SPPE/P1C
OSC2/CLKO/RA6 =——[7 14 28 I =— RDS5/SPPs/p1g
RCOIT1OSO/T13CKI =—=| | 15 ;7 H ~—= RDa/sppq
RCHTI0SIICCP2MUGE =—[] 16 2: g*\» RCT/RX/DT/SDO
RC2/CCP1/P1A =—— | | 17 5 = RCO/TX/CK
VUSB <—[] 18 40— RC5/D+/\v/p
235y
RDO/SPP0 <—»- RC4/D-rvivi
Ll19 221
RD1/SPP1 <—>~u 20 > —= RD3/SPP3
\*F ~—— RD2/SPP2
@.E 1:3: PIC18F4455/4550 PINCUT {/O DESCRIPTIONS
PinN :
Pin Name ol Pin | Buffer .
PDIP | QFN |TQFP | TvRe | Type Description
[MCLR/VPR/RE3 1 _
s 18 | 18 I o Ma!fter Clear (input) or programming voltage (input).
Naster Clear (Reset) input. This pinis an active-low
Vep Reset to the device.
L p Programming voltage input.
] Sl Digital input.
osggg‘{m A3 " e Oscillator crystal or extemal clock input.
CLK. I [Analog| Oscillator crystal input or external clock source input.
' I [Analog| Extemnal clock source input. Always associated with
pin function OSC1. (See OSC/CLKO pin.)
0SCUCLKO/RAG 1488 e g | e Oscillator crystal or clock output.
0sC2 O — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.
CLko 0 — In RC mode, OSC2 pin outputs CLKO which has 1/4
the frequency of 0SC1 and denotes the instruction
cycle rate. i
N RAG @)l 1L General purpose /O pm..
fend: TTL = 71 compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = IFI,IDUC
= Power

= Qutput P
Altemate assignment for CCP2 when CCP2MX Configuration bit is cleared.

2. Default assi ; 2MX Configuration bit is set. 15
gnment for CCP2 when CCP. g ion bit s set. For NC/ICPORTS, the pinis No

3 These pins are No Connect unless the ICPRT Configuration it} ey
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.

Nots 1-




' PIC18F4455/4550 PINOU
peE Pi L0 DESCRIPTIONS (Con
n Number o w TINUED)
pinN PDIP | QFN | TQFP | Type | Type N
Q\.Q Tiption
PO ; TR~
QADANO 2| RTATs a bidiectiong 5 port
mg “Io AnTTaIL Digital 1/0,
0g Analog input o
” AN 3 20 20 : '
RAT "IO TTL | Digta 1o,
AN1 Analog Analog input 1
RAZ[ANzNREF'! 4 21 21 g
CVREF .
RA2 o | TTL Digital 110
AN2 : ﬁnalog Analog input 2.
VREF- 5 A“alog A/D reference voltage (low) input =
CVREF nalog|  Analog Comparator reference gyt <2
RABANSIVREF+ 5| gl ) o
RA3 VO | TTL Digital V0.
AN3 | |Analog| Analog input 3.
VREF+ I |Analog| A/D reference voltage (high) input.
RATOCKI/C1OUT/ 6 23 23
RCV
RA4 1o} ST Digital I/0.
T0CKI | ST Timer0 external clock input.
C10UT O — Comparator 1 output.
RCV 1 TTL External USB transceiver RCV input.
RAS/AN4/SS/ 7 24 | 24
HLVDIN/C20UT
RA5 VO | TTL Digital 1/O.
AN4 I |Analog| Analoginput 4.
SS I 1Ene SPI slave select input.
HLVDIN | I [Analog| High/Low-Voltage Detect input.
C20UT O — Comparator 2 output.
RAG — — — — — See the OSC2/CLKO/RAS pin.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
0 =Output P = Power

Note 1:  Altenate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set. s
3: These pins are No Connect unless the ICPRT Configuration bit is set. F%r NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.




IC18F4455/4550 PINOUT /0D
13 P ESCRIPTIQ
1BLE Pin Number | _ - G NS (CONTINED,
er
Pin Name PDIP | QFN | TQFP | Type | Type i
sl R Scription
e e——— |
ISa bldlrecu‘onal lle}
programmed for inte port, pORTB Can be Softwa;
RBO/AN1211NTOI 33 9 8 Mal weak Pull-ups on 4 inputs. 5
ATOSDISDA 10
RB0 ; TTL | Digital /0,
AN12 | [Anaog|  Anaiog inpyt 1,
nhance ;
& L] ST | SPidaiagy ™ Faultinput (Eccpy module)
SDA MEIESET 2w gaga 1
RBHAN‘IOIINTHSCK/ 34 10 9
CL
B VO | TTL | Digital yo.
AN10 I |Analog Analog input 10
INT1 /l ST External interrupt 1
SCK :'O ST | Synchronous seria| clock input/output for SP moge.
SCL Q [ ST Synchronous serjal clock input/output for 12c mode
RBZANS/INT2ZVMO 35 11 10 i
RB2 /o | TTL Digital I/Q.
AN8 [ |Analog Analog input 8.
INT2 ] ST External interrupt 2,
VMO 6] — External USB transceiver VMO output.
RB3/ANS/CCP2/VPO 36 12 1
RB3 VO | TTL | Digital IO.
I |Analog Analog input 9.
cepati) 10 | ST Capture 2 input/Compare 2 output/PW 2 output.
VPO O — Extemnal USB transceiver VPO output.
RB4/ANT1/KBIO/CSSPP| 37 14 14 2
RB4 VO | TTL | Digital VO.
AN11 I |Analog| Analoginput f1. _
KBIO | TTL Interrupt-on-change pin.
CSSPP 0 — SPP chip select cantrol output.
RBS/KBI1/PGM 38 15 15
RB5 IO | TTL | Digital IO. g
TTL Interrupt-on-change pin. i :
.52',3, ;/lo 5 Low-Voltage ICSP™ Programming enable pin.
RBO/KB 16
e 0 VO | TTL | Digital V0. '
e TTL Interrupt-on-change pin
KBI2 l Hagoas) ' ing clock pin.
PGC 70 | ST | In-Circuit Debugger and ICSP programming
RBY7,
RI}Q?SIPGD 40 7 i 11O TTL Digital /0. S J
| TTL Interru p't—OH-C a i ramming data pin.
léglg 110 ST In-Circuit Debugger and ICSP prog

ible input or output
= CMOS compatible inpu
Legend: T = TTL compatible input s

. = [nput
ST = Schmitt Trigger input with CMOS levels :3 E ;(i 58
= Output

ion hit is cleared.
e t: Altemate assignment for CCP2 when CCP2MX Configuration bitis

ion bit is set. Eiienin
2 Default assignment for CCP2 when CCP2MX Confégl;fraatgr’] P 1 set. For NC/ICPORTS, the pinis
3 These pins are No Connect unless the ICPRT Config bitis cleared.

tion
Connect unless ICPRT is set and the DEBUG Configura




. 18F4455/4550 PINOUT o
. FICT DESCRIPTIONS
TABLE Pin Number Pin m CONTINUED
— Suffer
i POIP | QFN | TQFP | Type Type Description
\\\‘\Q
PORTC idirect
oTI0SOMI3CKL | 15 | 34 | 33 'S @ bidirectiona g port
RCRC‘) 'g ST | Digital o,
TistK U ST | T oscletorcupy
Imer3 extemng) clock i
o 0SI/CCP2/ 16 35 35 Input.
10E
3 RC1 VO | ST | Digitaiyo,
nos{z) I/IO Chsr]?S gmem oscillator inpyt
CCP2 aplure 2 input/Compare 2 output/p
UOE 0 = External Usg transceiver OF ogtput.WM £,
RC2 :;8 ST Digital Q.
ccpP1 ST Capture 1 input/Compare 1 OUIPUYPWM 1 output
P1A ORE( T Enhanced CCP1 pyyy output, channel A. i
VM 23 42 42
RC4£4 : | TTL Digital input. .
D- o | — USB differential minus line (input/output).
VM | TTL External USB transceiver VM input,
/D+VP 24 43 43
RCSRC{, | ETRTiL Digital input.
D+ /@] — USB differential plus line (input/output).
VP | TTL External USB transceiver VP input.
COTX/CK 25 44 44
: RC6 i1{@) ST Digital ¥O.
X O — EUSART asynchronous transmit.
CK /0 ST EUSART synchronous clock (see RX/DT).
IRX/IDT/SDO 26 1 1 R
RC7R07 o 10 ST Digital /0. :
RX | ST EUSART asynchronous receive.
0T Vo | ST EUSART synchronous data (see TX/CK).
SDO 0 — SPI data out.
: = ible input or cutput
Legend: TTL =TTL compatible input : CMOS :ICMSES compatible inp
ST = Schmitt Trigger input with CMOS levels | =Inp
P = Power
O  =Output

Note 1: Altemate assignment for CCP2 when CCP2MX Conﬁgurgtion.bft is (;Iear ed.
2 Default assignment for CCP2 when CCP2MX Configuration bit is sef. For NC/ICPORTS, the pin is No
3 These pins are No Connect unless the ICPRT Configuration g'% :S zleet atei
Connect unless ICPRT is set and the DEBUG Configuration bit is ;




. PIC18F4455/4550 PINOUT 1/
LE 13! O DEsCRIPT
TAB Pin Number PT“ e IONS (CONTINUED)
i ame Uffer
pinN PDIP | QFN | TQFP | Type | Type e
Lt eScription
N
PORTD is 5 bidirectj
ect
Parallg) Port (SPPy %wl I/O‘Dort ora Streaming
When the SPp o SS€ pins have T input b
RD/SPPO 19 | 38 | 38 odule is enableq S
RDO ISNIESE | Digitay 76
SPPO LS | Sircaming
. sl e 2 aming Paralle| Port data.
RE;1 :58 1§|{ Digital 1/0.
S Stream;j
e o A b Ming Paralle| Port data.
angz :fg %{ Digital 1/0.
S / Streaming Paralle] p,,
rt
RD3/sPP3 | 2 41 41 data.
RD3 /O | ST Digital I/0,
SPP3 o | TTL Streaming Parallel Port gats,
RD4/SPP4 27 | 2 2
RD4 /0 | sT Digital I/0. 3
SPP4 O | TIL | Streaming Paralie| Port data. £2
RD5/SPP5/P1B 28811 3 3
RD5 /o | ST Digital /0.
SPP5 1O | TTL Streaming Parallel Port data.
P1B 0] — Enhanced CCP1 PWM output, channel B.
RD6/SPPG/P1C 29 4 4
RD6 10 | ST Digital 1/0.
SPP5 IO | TTL Streaming Parallel Port data.
P1C 0 = Enhanced CCP1 PWM output, channel C.
RD7ISPP7/P1D 30 5 )
RD7 1o | ST Digital I/0.
SPPY 1o | TTL Streaming Parallel Port data.
P1D 0] — Enhanced CCP1 PWM output, channel D.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O =Output P = Power

Note 1: Altemnate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set. 5%
3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.




plE 13:  PIC18FA455/4550 PINOUT 1o pg,e

RIPT|
S R . ONS CONTINUED)
Name s —— il
Pin PDIP | QFN | TQFP | Type | Type e
P e Cfiption
PORTE is 2 ig o
QEDANSICK1SPP SRO5 | o5 W
252 ¥ ¥ acr | Digtaliio,
alog|  Analog input 5
CKISPP o | — SPP clock 1 output
CE1/ANGCK2SPP 9 (26 | 2 ;
RE1 O | st Digital I/0.
ANG | |Analog Analog input 6.
CK2SPP O T — SPP clack 2 oytpyt
QEZANT/IOESPP . | 10 | 27 27 :
RE2 VO | ST | Digitaino,
AN7 I |Analog Analog inpuyt 7.
OESPP DR 5 SPP output enable outpyt.
RE3 = e e oo — [See MCLRA/PP/RES o
Ews | /RE3 pin.
1
\Vss 12,3 6:3 ?']0; 6,29 | p — | Ground reference for logic and 1/0 pins.
PR e e |
(7] 28.29| Positive supply for logic and 10 pins.
Vuss : 18 | 37 | 37 | 0 | — [intemalUsB33v voltage regulator output
NCACCKICPGCR! == — | 12 No Connect or dedicated ICD/ICSP™ port clack
ICCK ¥O | ST In-Circuit Debugger clock. ;
ICPGC 0O | ST ICSP programming clock.
neacDTAcPGDE) — | — ] 13 No Connect or dedicated ICD/ICSP port clock.
ICDT FO [ ST In-Circuit Debugger data.
ICPGD e} ST ICSP programming data.
NCACRSTACVPR) — | — | 33 No Connect or dedicated ICD/ICSP port Reset.
ICRST | — Master Clear (Reset) input.
ICvpPp P — Programming voltage input.
NCACPORTS®) — — 34 P — |No Connect or 28-pin device emulation.
ICPORTS Enable 28-pin device emulation when connected
to Vss.
NC — 13 — — — [No Connect.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmiit Trigger input with CMOS levels | = Input
O =Output P = Power

Note 1: Altemate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2. Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Conﬁgura_tjon b_i; js set. For NC/ICPORTS, the pinis No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared.




. PIC18F4455/455
HGURE 1.2: 0 (40I44-PIN) BLOCK DiAG
Data Busegs RAM
Tobk Poirter-21= <+
| ireclog| {® {® ‘F
RAD:ANQ
RA1p]
PCLATU| KoLAIH {AN{
4 : > A e Ve
AN/
X KA 10CKy e,
al (’K e i
Plogram Cuurne RA M/\lsézmulm(“’
o7 USC2C Kaimag O
. Daly Adiresy<12x j
[ 31levaStack | -
Address Latch Ya e y OR |k
m Nemory ST<PTR BSR|| rerp | [Aeeess REO/WWNTWFLTQ/S%g
(2432 KLiykes) [Fery] |LBENk RETANIDINT1/SC 50
= Fero| RE2ANS/INT2/vMg
=2 12 Lt HE3/AN9/CCP2 Ay FO
RE4AN11/KBID Cs 3
RE \CSSPF
8 3 BSIKBI1/PGHM
Talse Laich RERKRDPGR
RE7/KBI3PGD
ROM Letch a| Address
Instruction Bus <16> PORTC
RCOT108CIT130K]
s RCUTI0sICCP2MTGE
RC2ICC14p1A T
> <] RC4/D-1vM
I RC5D+N>2
Instruction State Machinc [ i Reemxe<
Dégggil& Cunltol Sigrats ‘ e = X RCARXDIS0
L PRCDH PRODL
: POR"
Vou, Vss E___’ Y m‘a/_‘ =i
' R | | P :
) scillator V/EFUD ’
osci® [X—| Osdlk Cih RO0ISPPUROA;SPPs
{2) — /SPP5/P1B
0se® X NTRC || g—p| o, Oscillator RDGISPPE/P IC
1081 %_’ Oscillafor ari-up Timar RLD7/SPP7/P1D
: Puwzt-on
Toso  [X—p{| 3Mz
S Ostiltatur Reset
Wetchdog 2
IoPEc ety Single-S1.pply Timer g >
(3 Programmin: Brovin-out
IcPGDB [ o g Re-se{ PORTE
ORISR —p|| et e REQ/ANS/CK1SPF
Debuaaer Fail-Safe J RE1/ANG/CK2SPP
ICRST)  [}—p Clock Monitor Eand Gap > e [X] REZANT/OESPP
e Reference j MCLRIVPF/RE3M
NORO X~ USB Vullage
Regulator
X
limeru timert Iimar2 limer3d
T R »

v

ote 1;
2

&

4

v v

MssP ’ EUSART

v

CCP2

L3 is multplexed wih MCLR and is cnly avalable wnen the MCLR Ressts are

:3 SC(CL<I and 0SC2/CLKO are only available in select oscillztor modes ard v

0 Scction 2.0 “Cscillztor Configurations” for additional information.

lr-es-e EINS are only avarable on 44-pn 1QHP packages under cefsin COnGItIors.
signated Packages Only)* for additonal nformatio

YB315 e aftemzte Fin for CC=2 multplexirg.

ADC
t0-Rit

disabled.

.

vhen these pins are not bein

Reter 1o Section 259

g used as digial if0. Refer

»secial ICPORI Features




40 ELECTRICAL CHARACTERISTICS

olute Maximum Ratings(f

AbS ;

e
ctcmpcmmn ---------------------------- S hn ............................... 40Cto+g5eg
- e et i Vs (excep: Voo, MCTR T R 65°C tg +150°¢
T 3Vl Moo gy,
wlageun'ﬁc’Lﬁwilh 1esped Lo Vss (Note 2) coeen s 8 R T — bk 0V to+75y
— R TT— Vo 13257
yaimum curent out of VS pin n~ ........................................... e
s o . _: .............................................. 300 mA
iput clamp current, IK Vi <0 orv > VED)““_K ........................................ oy
ouput slamp current, Ick (Vo <0 ar Vo » Vo) m* .................................. o
i QUPULCUTEIE SUTKY B0V UOPIN...... o 20 mA
Maximum SR aonicaEca braa G pn e, 25 mA
Maximum curent sunk by all ports ..o <
................................................... 200 mA

Note 1: Powerdissipation is calculated as foljows:
Pdis = VDD X {IDD— X [OR} + F {{VD3 — YOH) x 10H} + Z{VoL x loL)

2: Voltage spikes below \Vss al the MCLR/VPR/RES pin inducing currents greater than 80
: : - f mA. m 8
latch-up. Thus, a series resistor of 50-1009 should be used when epplying a “low™ level 1o thr"; \dé!s_chfa\}::‘SP'
RE3 phn, rather than pulling this pin directiy to Vss. '

fNOTICE: Stresses above those listed under “Absolute Maximurm Ratings” may cause permanent damace to e
davice. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings cf this specification is rot imolied. Exposure 1o maximum rating conditions for
etendad periods may affect device reliability.




Appendix B
Codes




central PIC code :

: unsigned long T}me_1=500;
ons unsigned long Time_ 2=800;
const unsigned long Time_ 3=1500;
coni ansigned long Time 4=5000;
cﬁgr gui=07 :
cnar state=0
cnar £1ag=07
qoid interrupt ()

{
char tmp/s

if (INTCON.F1==1)

}NTCON-F1=O" // clears (external interrupt)

e~ ] ; :
if (PIR1.RCIF==1)// If there is something in RX buffer

[{’IRI.RCIF=O A /Cllcar: flag
tmp=RCREG ;
switch(state)
{case 0: {if (tmp=="*") state=1;break;}
case 1:{
if (tmp=="'A")
{

PORTB = 0b01001001;
PORTD 0;
delay ms (Time 1);
PORTB = 0b01001010;
PORTD 07
delay_ms (Time_2) 2
PORTB = 0b01001100;
PORTD = 0;
delay ms (Time 4);
}
else if (tmp=='B"')
{

Il

[}

PORTR = 0b01001001;
PORTD =0

l(ielay_ms (Time 1);
ORTB = 0601010001 ;

gg}l{;Y\mS(Time 2);
B = 0bo11p :
o 100001 ;

.
14

dela%Lms (Time_4)

E{Else if (tmp=='C" )

®0RTR
= 0 -
RoRgy 01.301001001,

’

de} .
2ogpnS (Time 1)

’

HoRyy 0910001001;

] ’
elay\ms (Time 2);




}

Baial) 1
vold pail A
(SCCON=0X72

pIEl .RCIE = 1 '
pyicoN. PEIE = 17
INTCON .GIE 1

I

misB=0;

1R15C=0;

1RISD=07

pORTB=0;

pORTD=0;

PORTC=0;

UARTl_Init (9600) ;
while (1)

{

PORTB = 0b01001001;
PORTD 0;

delay ms(Time 1);
PORTB = 0b01001010;
PORTD = 0;

delay ms(Time 2);
PORTB = 0b01001100;
PORTD = 0;

delay ms(Time 3);

PORTB = 0b01001001;
PORTD = 0;

delay ms(Time 1) ;
PORTB = 0b01010001 ;

]

PORTD = 0

delay ms (imen 2
P0RTB = 0501100001 ;
PORTD = 0;

delay ms(Time 3);

PORTR

o 81?01001001;
gglaY_ms (Time 1) ;
RTB = 0510001001 ;
PORTD = 0; ¢
‘;ggg_ms (Time 2);
e (1)},?00001001;

Gelay ms (Time 3);

/Iclose while loop
Close void main

g




huttcn(&PORTB, O 50, 0))

3|
it

Write__TeXt (“ EI“ergenCyn );

Tl
delay,mS(SOOO) i

}
1

se while loop

//clo
id main

i
i
j [[close vol




SWETCH PIC CODE -

void main () {
0OSCCON=0x72;
TRISA=1;
PORTA=0;
PORTB=0;
TRISB=1;

UART1 Init (9600);
while (1)
{

?f(button(&PORTB,O,S0,0))
UART1 Write Text ("Em
delay_ms(SOBO); il
} ;

} //close while loop
} //close void main




